Eight clinically proved cases of prolonged thiamine deficiency were evaluated by routine pathologic study. The msieroseopic features were evaluated by comparison with sections of myocardiuni obtained from nornmal individuals and individuals suffering from cardiac diseases of other varieties. No specific transitory or permanent alterations were demonstrable. It is concluded that beriberi heart disease is largely the result of a reversible bioehemiiical abnormalitv and is not characterized by specific pathologic lesions.
MOST of the early studies of beriberi were carried out in the Orient [1] [2] [3] and the occurrence of the disorder is well recognized in populations in whom muilled rice conlstitutes a large portion of the diet. In the United States it was conisidered little more than a mnedical curiosity until the studies of WTeiss and Wilkins4 5 in the late 1930's. These authors indicated a surprisingly high incidenee of beriberi heart disease (1 case in each 160 medical admnissionis to a large charity hospital in Boston). In many of these patients the disorder was considered to be very nmild; in most instances alcoholisnm was a prominent feature in its pathogenesis.
During the 1940's the eolncept of beriberi heart disease in this country changed considerably, in somne mneasure through the efforts of Blankenhorn, 6 who suggested relatively simnple criteria for its recoginition. He indicated that the disease is somewhat mnore conmmon in the United States thaii had previously been recognized. Particular attention was directed to the common occurrence of a ehronie form of cardiac failure rather than acute, high-output failure as a mnanifestation of beriberi heart disease. It was emphasized that other formns of cardiac disease often were complicated by the deficiency disorder. The clinical requirements for the appreciation of beriberi heart disease listed by Blankenhorn6 were (1) enlarged heart with normal rhythm, (2) dependent edema, (3) elevated venous findilngs consistent with beriberi.
The cardiovascular lesions have been investigated at nlecropsy in hunian beings and in experimenital aniimals. 4 The gross pathologic features are characterized by normal or iniereased heart weight with dilatation and hvpertrophy of onie or miore of the chambers.
The microscopic lesions, although numerous, are nonspecific.6 Myocardial fibers show either no alteration or varying degrees of hydropic degeneration. Striationis are usually intact. Intercellular edema, congestion, hemorrhage, and swelling of connective tissue are seen. Initerstitial and replacement fibrosis is also encountered.
Although it is generally agreed that complete recovery may result if beriberi heart disease is corrected at an early date, it is also nmaintained that recovery may be incomplete if searring of the myocardium has resulted froni the degenerative disorder. 8 The ultimate fate of the heart in treated but recurrent beriberi has not been extensively investigated. 9 During the last 20 years a number of patieiits suffering from what appeared to be prolonoged thiamine deficiency were examined at necropsy in the Cincinnati General Hospital. the cardiac failure was followed by apparent remission. In others, the recurrent episodes of heart failure continued. In some, the heart failure conistituted a terminal event. It is proposed to record the pathologic alterations encountered in the hearts of patients known to have had severe thiamine deficiency for prolonged periods, as indicated below. This study stemmed from the desire to determine whether or not there were permanent alterations supervening upon the apparently reversible lesions of the acute form.
Materials and Methods
The diagnostic files of the Departments of Medicine and Pathology of the Cincinnati General Hospital were culled for cases coded as either "beriberi" or "myocardosis" on a clinical or pathologic basis. Among these there were 29 patients considered to have had vitamin B deficiency in whom necropsy examination had been performed.
The criteria proposed by Blankenhorn6 were employed as basic requirements in our clinical evaluation. In view of the desire to investigate the nature of the lesions induced by long-standing deficiency, a modified criterion of 6 months' duration of deficiency (instead of 3 months) was employed. In addition, in order to be certain that the cases were truly examples of pure beriberi heart disease, those displaying severe anemia or cardiac arrhythmia were excluded. Only 8 of the 29 cases were found to meet these limitations. These were selected for detailed clinical and pathologic survey. Despite the small number, these were unquestionable examples of beriberi heart disease from the clinical standpoint, and therefore comprised a suitable group for pathologic analysis. In 4 instances, there had been frank beriberi heart disease for more than 6 months and in the remaining 4, manifestations of heart failure had existed for less than this period although thiamine deficiency was known to have been present for 6 months or more. Table 1 lists the salient clinical data from the 8 cases deemed suitable for this investigation. The average age at death among these patients was 50 years, with a range of 41 to 67 years. Six patients were male; all had had manifestations of heart failure and an unequivocal history of prolonged dietary deficiency. Alcoholism was a contributing factor in all but 1 patient (J.C. ); psychosis was believed responsible for his poor *A category of noninflammatory disorders of the myocardium and those degenerative conditions unrelated to coronary disease or abnormal hemodynamics." nutrition. Three patients manifested mild elevation of venous pressure. In 2 of these the venous pressure returned to normal during hospitalization; in 1 instance (G.E.) this improvement was attributed to effective thiamine therapy. In 3 cases venous pressure had not been recorded, and in 2 it was within normal limits. Evidences of peripheral neuritis or pellagra were encountered in 7 patients. There were nonspecific electrocardiographic abnormalities in 7 instances. Five of the patients showed moderate hypertension, which, however, was not considered to militate against the diagnosis of beriberi in view of the overwhelming clinical evidence of the latter. Indeed, the hypertension tended to be variable. Cardiac failure or the transient "hypertension" common on admission blood pressure readings often accounted for the high values. On the other hand, in case G. E., there was persistent hypertension after clinical recovery from beriberi.
In 5 patients, treatment with thiamine effected an improvement of symptoms. In 1 patient (C.B.) no treatment was given. Failure of response in 2 cases is not an unusual experience.6 One patient (J.C.) was given thiamine in a dose of 20 mg. twice a day but for only 4 days prior to death. Another patient (W.L.C.) received 100 mg. of thiamine intramuscularly every 6 hours but treatment was not begun until the day of death.
Pathologic data were gathered by a review of the descriptions of the heart recorded by the prosectors and examination of the available tissue sections. The majority of the latter had been fixed in Zenker's solution with 5 per cent acetic acid; in a few instances, 10 per cent formalin had been used. The tissues were sectioned after embedding in paraffin and stained with hematoxylin and eosin; 1 to 6 samples of myocardium were available in each instance (2 cases, 1 section; 1 case, 2 sections; 3 cases, 3 sections; and 2 cases, 6 sections.) Trichrome and van Gieson stains were performed in each instance to determine the extent of fibrosis. Fat stains were carried out in 3 cases in which stored, formalin-fixed, wet tissue was available. Periodic acid-Schiff stains with and without previous digestion by malt diastase were done on sections of heart from 7 of the cases of beriberi and on a group of 14 controls (4 cases of arteriosclerotic heart disease, 3 cases of hypertensive cardiovascular disease, 4 cases of rheumatic heart disease, and 3 normal individuals).
An attempt was made to quantitate the microscopic features that have, in the past, been considered significant in the cardiac lesions of beriberi (vacuolization, interstitial edema, interstitial fibrillation, replacement fibrosis). 
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H.S. 310 yes no yes no (7 -10) H.M. As controls, sections of myocardium from 60 patients of comparable age were selected from the necropsy files. All of these patients were without clinical evidence of vitamiiin deficiency. In 20, the hearts were considered normiial. Fifteen examples, each of hypertensive cardiovascular disease and inactive rheunmatic heart disease, were chosen. There were 10 cases in which the underlying disease was coronary arteriosclerosis without hypertension.
The sections were repeatedly examiiined as unknowns and the degree of alteration was appraised in each instance. The examiner was consistently able to arrive at an identical estimiiate in each section.
Results
Specific pathologic examination of the hearts included those features that appeared important in excluding other forms of heart disease as well as those characteristics considered indicative of beriberi. The weights of the hearts varied from 225 to 675 Gm. (table  2) . Four hearts were considered hypertrophied by weight (one of these was from the patient (G.E.), who had persistent hypertension) and 2 hearts were only slightly enlarged; the weights of 2 . , . . Figure 5 Microscopic appearance of heart mnuscle in ta patient dying with coronary occluisive dcisease. Many of the features noted i beriberi are also present.
(H & E stain, X 160.)
Since olnly 1 patient anmong those studied had adequate therapy for beriberi, followed by recurrence of the ailment, this study is inadequate to indicate the effect on the heart of treated but recurrent beriberi. However, in view of the absence of significant pathologic lesions in untreated cases of prolonged duration, it seems unlikely that such damage would occur in treated but recurrent beriberi.
Summary and Conclusions
Eight patients with elinically recognizable chronic thiamine deficiency and beriberi heart disease were investigated from a pathologic point of view in an effort to establish the presenee aand the extent of characteristic morphologic stigmata. In these cases there were no pathognomonic cardiac alterationls at necropsy. Individuals with cardiac failure of short duration and those with prolonged heart failure manifested identical pathologic lesions.
It is coineluded that beriberi heart disease is largely the result of a reversible biochemical abnormality and is not characterized by necrosis, fibrosis, or other irreversible damage to the myocardium. even after prolonged periods of cardiac failure. 
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